Introduction 44
The mammalian gut is inhabited by a high diversity of strictly anaerobic bacteria predominated by 45
Gram-positive species from the phylum Firmicutes [1], of which many have not yet been cultured. 46
Metagenome sequencing has been an efficient tool to perform in silico characterisation of the 47 unculturable gut bacteria [2] , although metagenome sequencing often misses spore-forming 48 bacteria due to the difficulty of DNA extraction from the robust structure of the spores [3] . As the 49 mammalian gut microbiota (GM) influences host health [4] [5] [6] , combining in silico characterisation 50 of gut bacteria with culturing novel isolates in vitro opens new research avenues by investigating 51 their functional properties. A large diversity of bacteria belonging to the class Clostridia contribute 52 in maintaining gut health, amongst other through the production of short chain fatty acids (SCFAs) 53 [7, 8] . Especially, butyrate has been associated with beneficial health effects [7] , even though 54 many butyrate producers are dependent on cross-feeding from other bacteria producing 55 intermediate products such as acetate or lactate [9] . Whereas succinate, an intermediate product 56
of propionate, is a double-edge sword that in some conditions sustain the stability of the GM 57 component by cross-feeding, whilst in other conditions elevates the pathogenic potential of 58 infectious bacteria such as Clostridioides difficile or Clostridium rodentium. In the current study we 59 report the cultivation and detailed characterisation of a spore-forming, succinate and acetate 60 producing bacterial strain WCA-9-b2 T isolated from the gut of an obese male mouse, which we 61 propose represents a novel genus within family Lachnospiraceae, phylum Firmicutes. 62
Isolation and ecology 63
Strain WCA-9-b2 T originated from the caecum of a C57BL/6NTac mouse fed a high-fat diet (HF, 64 Research Diets D12492, USA) ad libitum for 13 weeks as part of a previously published study [10] . 65
The initial isolation of strain WCA-9-b2 took place at the ZIEL Core Facility Microbiome of the 66 Technical University of Munich (TUM), Germany. Downstream analyses were conducted at the 67 University of Copenhagen (UCPH), Denmark. Anaerobic handling and agar plate incubation during 68 isolation at TUM was performed in an anaerobic chamber (VA500 workstation, Don Whitley 69 Scientific) containing an atmosphere of 90 % (v/v) N2 and 10 % H2 a at a temperature of 37°C and 70 a humidity of 75 %. All materials were brought into the anaerobic chamber at least 24 hours before 71 use to ensure anaerobic conditions. Liquid and solid media were autoclaved and contained 0.02% 72 1,4-Dithiothreitol (Sigma, cat. No. DTT-RO) and 0.05% L-cysteine (Sigma, cat. no. 168149) as 73 reducing agents and 1 mg/L resazurin as a redox potential indicator. Broth media were heated 74 prior to flushing with 100% N2 by an anaerobic gassing unit (AGU, QCAL Messtechnik GmbH) for Page 4 of 17 at least 3 min. pr. 10 mL. Agar media in Petri dishes contained 1.5% agar (Oxoid™, cat. no. 76 LP0011). Incubations took place at 37°C unless otherwise stated. 77
Strain WCA-9-b2 T was isolated on Wilkens-Chalgren-Anaerobe agar (WCA, Sigma, cat. no. 78 W1886) supplemented with 0.1% bile salt (WCA-BS) (sodium taurocholate hydrate, Sigma, cat. no. 79 86339) to enhance spore germination. Approx. ~20 mg thawed caecum content was transferred to 80 a 0.20 µm sterile filtered 1:1 mixture of PBS (NaCl 137mM, KCl 2.7 mM, Na2HPO4 10 mM, KH2PO4 81 1.8mM) and 70% ethanol to kill vegetative cells. The suspension was incubated at RT (room 82 temperature) under aerobic conditions for four hours and vortexed every 30 min., followed by 3x 83 centrifugation (11000 x g, 5 min.) and resuspension in aerobic PBS. Ten-fold serial dilutions were 84 prepared with anoxic PBS containing 0.02 % peptone (Sigma, cat. no. 91249). Each dilution (10 µl) 85 was deposited on WCA-BS agar and immediately tilted for vertical migration on the plate, followed 86 by incubation at 37°C for 4 days. Bacterial colonies from a representative area were picked and 87 further re-streaked on WCA agar 3x to obtain pure cultures. WCA-9-b2 T was deposited at the 88
Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM 106039) and the Culture 89
Collection University of Gothenburg (CCUG pending ID T ). Liquid nitrogen was used to snap-freeze 90 cryo-aliquots (pivotal for survival of the strain), i.e., cultures diluted 1:1 in 50% glycerol, and then 91 stored at -80°C. 92
Gifu Anaerobic Medium (GAM, HyServe, cat. no. 5422) was used for downstream analyses, since 93 strain WCA-9-b2 T showed improved growth in GAM vs. WCA. GAM agar was supplemented with 2 94 was the closest phylogenetic related bacteria ( Fig. 1 ), but the confidence of branching was low (< 119 50). WCA-9-b2 T was distantly related to genera belonging to family Lachnospiraceae (Dorea, 120
Faecalicatena, Blautia, Coprococcus), Ruminococcaceae (Ruminococcus), and Eubacteriaceae 121 (Eubacterium). The 16S rRNA gene sequence of WCA-9-b2 T was ≥ 98% similar to already 122 published sequences of uncultured bacteria isolated from the caecum of both lean (DQ815562 [16] genome size than non-spore formers [3] , which would be in accordance with the genome size of 157 strain WCA-9-b2 T . The chromosomal genome (5,426,837 bp) showed a G+C content at 44.4 % 158 which differed from the phylogenetic related bacteria listed in Table 1 . Alignment of the complete 159 genome and the nearly complete 16S rRNA gene suggested that strain WCA-9-b2 T contains three 160 rRNA operons. Draft or complete genomes of the nine closest related strains in Table 1 Growth of strain WCA-9-b2 T was evaluated by measuring OD600 at different pH (5.5, 6.0, 6.5, 7.3, 206 8.0, 8.5, 9.0, 9.2, 9.5, 10.0) and temperatures (20°C, 30°C, 37°C, 40°C, 42°C, 45°C) in triplicates. 207
Cell morphology and motility of liquid cultures, incubated for 24 hours and 48 hours, were 208 evaluated by phase-contrast microscopy (Olympus BX40 microscope and UPlanFl 100x/1.30 oil 209 immersion objective) and motility was further accessed with incubation in Sulphide Indole Motility 210
[37] (S ) medium that contained GA broth powder. ndole production was tested with ovac's 211 indole reagent (VWR, cat. no 1.09293.0100). The optimal temperature was 37°C and the optimal 212 pH 7.3; growth was nevertheless observed in the range of 30-40°C and pH 6.5-8.5. Both Gram 213 staining [38] and the potassium hydroxide test (3% (w/v) KOH) [39] showed that the strain is Gram-214 positive (Fig. S3 ), which is consistent with most bacteria belonging to the order of Clostridia. Strain 215 WCA-9-b2 T formed long rods with pointy ends and cell length varies between 1.8 µm -9.9 µm 216 (average 4.8 µm ± 1.5 µm) and cell width varies between 0.4 µm -0.8 µm (average 0.6 µm ± 0.1 217 µm) depending on time of incubation (24-48 hours). Motility of strain WCA-9-b2 T was not observed 218 under the conditions tested, despite the presence of numerous flagella genes in the genome. The 219 SIM test was also negative for sulphide and indole production. Two weeks-old liquid cultures were 220 subjected to endospore staining following the Schaeffer-Fulton protocol [40] and observed in 221 bright-field with 1000x magnification. Although it was a rare event, Schaeffer-Fulton staining 222 revealed endospore and spore formation (Fig. S4 ). For scanning electron microscopy (SEM), the 223 strain was grown in GAM medium until the exponential phase was reached after 30 hours with 224 bacterial density nearing McFarland standard 4. Bacteria were placed at a 0.2 µm polycarbonate 225 filter as follows. A small amount of sterile water was added to a vacuum slot. On the meniscus of 226 the water a filter paper (Whatman, cat. no. 1822 025) and a polycarbonate filter (Osmonics, cat. 227 no. 11013) were placed. By applying vacuum excess water was removed and the two filters were 228 brought in close contact. Vacuum was released and 10 µl of bacterial culture was placed in the 229 middle of the polycarbonate filter. The suction from the underlying Whatmann filter gently removed 230 the water. Immediately when the drop of water had disappeared the polycarbonate filter was 231 transferred to arnovsky's fixative. n the following fixation and dehydration procedure the filters 232 were placed floating on the surface of the liquids with bacteria on the upper side. Further fixation 233 was obtained with osmium tetroxide, followed by a graded series of ethanol, and final drying with 234 hexamethyldisilazane. The cells were subsequently mounted to an aluminium stub, coated with 235 gold-palladium and observed in a Quanta 200 SEM at 15kV. No flagella-like elements were 236 observed by SEM (Fig. 2) , supporting the findings above. In contrary, SEM imaging identified 237 spore-like formation (Fig. 2a ). The SEM imaging was in line with the Schaeffer-Fulton staining, Page 10 of 17 annotated genes involved in sporulation and the initial spore selecting procedure of the caecal 239 content, which overall confirmed the spore forming ability of strain WCA-9-b2 T . 240 241 was grown in triplicates and the negative control consisted of medium without bacteria. After 255 incubation, samples were centrifuged (10,000 g, 10 min, RT) and supernatants were collected and 256 stored at -20 °C until analysis. Before HPLC-RI analysis, samples were filtered into 2 ml short thread 257 Corporation). For each of the tested strains, only SCFA concentrations >0.8 mM (limit of detection 267 for succinate, lactate, and acetate) or >0.5 mM (LOD for glucose and all other SCFAs) in at least 268 one of the triplicates were considered for calculation. 269
HPLC-RI analysis showed that WCA-9-b2 T metabolised glucose (-4.4 mM), which agrees with the 270 α-glucosidase activity measured by enzymatic tests. Succinate (5.7 mM) and acetate (12.9 mM) 271
were produced under the experimental conditions tested. The production of succinate and acetate 272 suggest that strain WCA-9-b2 T is involved in cross-feeding other bacteria in the gut which are able 273 to convert succinate and acetate into the SCFAs butyrate or propionate [41] . 274
The IMNGS platform[42] was used to screen for the relative abundance of WCA-9-b2 T (> 97% 275 similarity) in 4721 samples from various studies investigating the bacterial GM component of mice. 276
The relative abundance of bacteria sharing more than > 97% rRNA gene identity with WCA-9-b2 T 277 was below 0.08% (representing > 500 sequencing read counts), and was found in both lean 278 (SRR1698289, ERR1173727), obese (SRR2073437, SRR1959789) and antibiotic treated 279 (SRR1960027) mice. Although strain WCA-9-b2 T was isolated from an obese mouse, there is 280 currently no evidence that its occurrence is associated with the host phenotype. 281
Based on all the aforementioned genotypic and phenotypic characteristics, we suggest that strain 282 WCA-9-b2 T should be designated the type strain of a novel bacterial genus and species within the 283 family Lachnospiraceae, order Clostridiales, for which the name Sporaefaciens musculi is 284
proposed. Parameters that help distinguishing S. musculi WCA-9-b2 T from phylogenetically most 285 closely related bacteria are listed in Table 1 : 286 The species possesses all the features of the genus. Cultures in the stationary phase appear with 306 turbidity resembling McFarland standard 4. Cell length varies between 1.8 µm -9.9 µm (average
